INTRODUCTION
Gonadotropin-releasing hormone (GnRH, previously called luteinizinghormone releasing hormone or LHRH) is known and named for its role as the final common signaling molecule used by the brain to regulate reproduction in all vertebrates. The GnRH decapeptide is synthesized by neurosecretory cells in the hypothalamus and secreted into portal vessels, to be transported to the pituitary gland where it stimulates secretion of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) from pituitary gonadotrophs. Because of its central importance in controlling reproduction in all vertebrates, the action of this GnRH form, called the ''releasing'' form, is well characterized.
Recently, genes encoding decapeptides slightly different from this GnRH form have been found in many vertebrates (see 32 for review), including humans (68) . Moreover, these additional genes and the original releasing form of GnRH are expressed in the body as well as in the brain (e.g., 68). Here we will review the history of GnRH discoveries and assess what is known about the genes encoding different GnRH forms. In addition, we will show the phylogenetic relationships, structural similarities, ontogeny, sites of expression, and regulation of the GnRH genes. Finally, we will discuss the new insights these discoveries provide about GnRH.
DISCOVERY AND NOMENCLATURE

Discovery
The releasing form of GnRH was predicted to exist in 1950 (24) but since the hypothalamus contains minuscule amounts of GnRH, and the peptide has modified N-and C-termini, it was difficult to isolate. Consequently, its structure was not determined until 20 years later (10, 41) . Twelve years after this proof of its existence, the gene encoding GnRH and its cDNA were described for human (53) and rat (1) . Interestingly, cloning this gene enabled one of the first demonstrations of the prospect for gene therapy when a GnRH transgene injected into hypogonadal mice (hpg; 11) embryos was shown to rescue the phenotype (54) . Subsequently, it was discovered that both strands of the DNA within the GnRH gene are transcribed (2, 8) . In 1991, the first cDNA encoding GnRH in a nonmammalian species was identified in a teleost fish, Haplochromis burtoni, by Bond et al. (9) , and shortly thereafter the cDNA encoding a second form of GnRH was found in the same species (66) .
Discovery of multiple GnRH genes was not completely surprising because indirect evidence had been accumulating since 1987 about multiple GnRH peptide forms in a single species. These suggestions came from studies in which GnRH forms were separated using high-pressure liquid chromatography (HPLC) and were distinguished using peptide antisera (reviewed in 34; 55). However, this evidence was not always easy to interpret, as evidenced by attempts to characterize the structure of guinea pig GnRH (cf. 33 vs 29). As noted above, a second cDNA encoding GnRH was identified in a cichild fish in 1994 (66) followed by the discovery of a third GnRH cDNA in the same species a year later (67) . Using PCR, several groups were subsequently able to identify more than one cDNA or gene encoding GnRH peptides in several fish species (4, 7, 14, 20, 37, 51) . Since the original discovery in fish, a cDNA encoding a second GnRH has been found in several placental mammals (tree shrew, 32; humans, 68; rhesus monkey, 63). The only information to date regarding the spatial distribution in the genome of different GnRH genes is in humans, and at least in this one species the genes reside on different chromosomes (68) .
Nomenclature
An unfortunate outcome of the relatively rapid discovery of new GnRH peptide sequences and additional GnRH genes is a cumbersome terminology to identify them. Each new GnRH peptide form was named according to the first species in which that particular peptide sequence was found. Though initially convenient and now familiar to the cognescenti, this nomenclature provides neither useful structural nor functional information about the growing number of known peptides. Recent phylogenetic analysis has provided a more rational terminology for identifying both GnRH gene and peptide forms.
As more GnRH encoding genes are cloned and their associated peptide sequences known, there needs to be a common, universal, informative nomenclature for GnRH genes as well as for GnRH peptides. Because two GnRH genes have now been found in humans, nomenclature recommended by the Genome Database Nomenclature Committee of March 5, 1997 has been adopted perforce. Accordingly, the human gene encoding the releasing form of GnRH (pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly) is now termed GNRH1 (formerly GnRH or LHRH). The second form of GnRH (pGlu-His-Trp-Ser-His-Gly-Trp-TyrPro-Gly) is known as GNRH2. Correspondingly, GnRH genes in nonhumans are known as Gnrh1 for the releasing form, Gnrh2 for the second form (previously called ''chicken II GnRH''), and Gnrh3 for a third form identified in several teleost fish but not (yet?) found in humans (previously called salmon GnRH or sometimes sGnRH).
The identities of the different GnRH peptides encoded by the GnRH genes are best described by listing the amino acid differences from the human hypothalamic-releasing form. Thus, the GNRH2 and Gnrh2 genes encode a peptide identified as 5His 5 Trp 7 Tyr 8 6GnRH (meaning it has the three substitutions in the three positions noted) in all species in which it has been found. Correspondingly, GnRH3 genes encode 5Trp 7 Leu 8 6GnRH in all species found to have a third GnRH form. As described in more detail below, the peptides encoded by the Gnrh1 genes are expressed primarily in the hypothalamus and comprise the originally described releasing hormone. Interestingly, the peptides encoded by the Gnrh1 genes are the only ones to date that have been shown to vary among species. Five of the ten amino acids encoded by Gnrh1 genes are invariant while two other positions show conservative changes (reviewed in 32).
PHYLOGENETIC RELATIONSHIPS AND THE ORIGIN OF GnRH
The discovery and sequencing of many genes that encode different GnRH peptides among vertebrate species have made it possible to examine their relatedness using molecular phylogenetic techniques. These methods use amino acids or nucleotides as the traits or characters whose comparison form the basis for constructing phylogenetic relationships. When constructing such a tree, more cases in which gene sequences are known for a single species will increase the accuracy of the phylogenetically based predictions.
Based on molecular phylogenetic analysis ( Fig. 1 ), the three known GnRH genes appear to have arisen from a common ancestral form through gene duplications prior to the appearance of vertebrates (68) . Several methods (maximum parsimony, maximum likelihood, and neighbor-joining) were used to test the robustness of this analysis, and each method showed essentially the same branching patterns. The phylogenetic tree shows the existence of three evolutionarily distinct GnRH groups that are expressed in three distinct regions of the brain: releasing forms localized to the hypothalamus (GnRH1), forms previously localized solely to midbrain nuclei (GnRH2), and forms localized to the telencephalon, to date found only in teleost fish (GnRH3).
Several lines of evidence support the conclusion that the three GnRH groups identified by this phylogenetic comparison comprise evolutionarily distinct forms. First, the groupings correspond to GnRH forms with distinct expression patterns in the brain and thus presumed common biological roles. As described by Kasten et al. (32) , in all species studied the GnRH1 forms appear in the hypothalamus, the GnRH2 forms appear in the midbrain, and the GnRH3 forms are found in the terminal nerve and olfactory system of the forebrain telencephalon. This suggests that the phylogenetic groupings can be used to predict the activities of yet uncharacterized forms once their molecular structure is determined. Second, although only the neighbor-joining tree is shown, the same groupings were found using other distance-based methods as well as maximum parsimony and maximum likelihood (not shown). Third, highreliability (e.g., bootstrap) values were generated for the neighbor-joining and parsimony trees, strongly supporting identification of these groups. Finally, the branch lengths to each group are relatively long, suggesting an ancient divergence. Furthermore, the branching order within each GnRH gene group matches the evolutionary branching order of the species (see in particular GnRH1, for which sequences were available from diverse species).
Although these phylogenetic relationships cannot identify the selective forces that generated multiple GnRH forms, the analysis does reveal that different forms of GnRH very likely diverged from one another prior to the divergence of species represented in the tree. Because the tree is unrooted, the exact order of the duplications is unclear. However, GnRH1 and GnRH2 include representatives from fish and mammals, so the separation of these two groups must have occurred prior to the separation of mammalian and fish ancestors. The origin of GnRH3 is less clear, since, at this time, it has been described only in fish. The data suggest two alternative hypotheses for the appearance of GnRH3. The gene duplication leading to GnRH3 may have occurred relatively recently, within the fish lineage, and thus is restricted to this taxon. Alternatively, GnRH3 may have resulted from an ancient duplication and either has been lost in higher vertebrates during evolution or has not yet been discovered. We favor the latter hypothesis because if the duplication were recent, the GnRH3 forms would be expected to cluster with one of the other GnRH forms in fish, which does not occur (68) . Perhaps a version of GnRH3 remains to be found in other vertebrates including humans.
Supporting this latter notion, several lines of evidence indicate that duplication of most of the genome occurred during the transition from simple chordates to vertebrates (27, 40, 48) . Most likely, the multiple GnRH forms are yet another consequence of these ancient duplications. Recent immunocytochemical work suggests that a chordate ancestor, an ascidian, has at least two distinct GnRH forms (62) . In retrospect, we might have predicted that there would be several descendants of an ancient GnRH in extant vertebrates.
In summary, genes encoding GnRH forms fall into three distinct evolutionary branches. Phylogenetic reconstruction supported by brain distribution of GnRH gene forms suggests that they arose through gene duplications prior to the rise of vertebrates and have been adapted to distinct functions over 500 myr of vertebrate evolution.
GENE STRUCTURE
All GnRH genes share the same basic structure. Within each gene, a given exon encodes a corresponding preprohormone region as first described for humans (53) . In all cases, the GnRH preprohormone mRNA encodes GnRH and the GnRH-associated peptide (GAP), separated by a canonical cleavage site. The preprohormone mRNAs are encoded by four exons (Fig. 2) . Exon 1 encodes the 5Ј-UTR exclusively. Exon 2 encodes the signal peptide, GnRH decapeptide, the proteolytic cleavage site, and the N-terminus of GAP. Exon 3 encodes the central portion of GAP and exon 4 encodes the C terminus of GAP along with the 3Ј-UTR. Among all known GnRH genes, there seem to be two generalities: (i) exons 2 and 3 are the most similar in length and (ii) the UTR sizes and intron sizes are the most different. The level of similarity in the coding sequences can be read from the phylogenetic tree distances (Fig. 1) . The greatest differences within the preprohormone are within the GAP coding sequences. The striking contrast between conservation of the GnRH coding sequence and lack thereof in the GAP coding sequence is evidence of differential selective pressure within the gene. This is evident in cases where the identity and similarity of GnRH and GAP coding sequences have been compared for mRNAs of different GnRH genes within a species (e.g., 32, 67, 69) .
Since animals as phylogenetically distant as fish and humans have essentially identical GnRH gene structures, we expect that GnRH genes yet to be described will also fit this pattern. The molecular divergence of the 5Ј-and 3Ј-flanking sequences in the different GnRH gene forms, as well as in their introns, suggests that each of the three branches has had a long period of independent evolution, consistent with our recent phylogenetic analysis of GnRH evolution based on cDNA sequences (68).
FIG. 1.
Unrooted neighbor-joining phylogenetic tree of cDNAs encoding GnRH. The tree was generated using the neighbor-joining algorithm and the Hall distance calculation correction procedure. Evolutionary distances are represented only by the length of the branches and not by branch angles. Bootstrap values, indicating the number of times a particular set of sequences groups together when trees are generated from resampled alignments, are indicated for some important nodes on the tree. An unrooted tree is shown because of the lack of an obvious outgroup. Some GnRH3 sequences from different species were identical and are grouped together. The scale bar corresponds to estimated evolutionary distance units as calculated by Protdist in Phylip. Redrawn from (68) .
ORIGIN OF GnRH EXPRESSING CELLS AND THEIR SITES OF EXPRESSION
The three GnRH genes described above are expressed in cells that have distinctly different origins, locations, and, presumably, functions. Information about these topics is best understood for GnRH expression in the brain. In the adult brain, GnRH1 is expressed in the hypothalamus, GnRH2 in the midbraintegmentum, and GnRH3 in the forebrain telencephalon. The hypothalamic and telencephalic gene forms (Gnrh1 and Gnrh3) are expressed by cells that arise in the olfactory placode and migrate into the brain (44, 46, 52, 72) . These cells migrate centrally and take up positions along the ventral surface of the adult brain in a rostrocaudal continuum from the terminal nerve area to the hypothalamus. The final distribution of these neurons in fish species divides into two populations. The anterior population of cells expresses the Gnrh3 gene and the posterior population expresses the Gnrh1 gene (70) . Although the original observations of migration were performed in mouse tissue, using immunocytochemistry (e.g., 52), they have been confirmed using in situ hybridization with molecular probes (70) . The placodal ancestry of these neurons along with their expression in the terminal nerve suggests that Gnrh3 in the telencephalon might coordinate sensory input at the time of reproduction (cf. 67), consistent with the report of Yamamoto et al. (73) .
GnRH2 expressing neurons of the brain do not arise from the olfactory placode. This was first shown indirectly by lesioning the placode prior to development in the salamander (47) . Animals with the placode lesioned had neurons with GnRH immunoreactivity in the midbrain-tegmentum but not in the telencephalon or hypothalamus. More recently, using gene probes, White and Fernald (70) demonstrated directly that Gnrh2 is expressed in cells born in the midbrain ventricle in a teleost fish. The expression of this GnRH gene form begins shortly after the cell is born, while it is still within the ventricular germinal zone. All three GnRH genes in this species are expressed by the end of the first third of development (day 4 of 14). This early onset suggests that GnRH might play additional roles during development.
At present, very little is known about the ontogeny or type of cells that express any of the three GnRH forms outside the brain (e.g., 5, 6, 64).
Expression of GnRH Outside the Brain
GnRH1 gene expression has been well studied in the brain of vertebrates, but only recently has investigation begun of its expression elsewhere in the body. For example, GnRH1 mRNA has been reported in splenocytes and peripheral lymphocytes in rats (5, 71) and humans (6, 64) . By using reverse transcriptionpolymerase chain reaction (RT-PCR) on human tissue, GnRH1 mRNA has been found in liver, heart, skeletal muscle, kidney, and placenta (e.g., 31). GnRH1 gene expression has been also been reported in the testis of several primates and rats (15) , human ovary (50), and rat prostate (6) . Widespread GnRH1 expression was also found in the teleost fish, H. burtoni, by using RT-PCR. Heart, liver, spleen, kidney, testis, and brain of an adult male all contained GnRH1 mRNA (69) .
Much less is known about the distribution of GnRH2 expression outside the brain. In humans, White et al. (68) reported widespread distribution of GNRH2 mRNA in the prostate, bone marrow, and kidney, in addition to its expression in the brain. In goldfish, Lin and Peter (37) demonstrated expression of GnRH2 mRNA in the ovary, and Yu et al. (74) used RT-PCR to detect it in both testis and ovary. In the cichlid H. burtoni, White and Fernald (69) showed that GnRH2 mRNA is expressed in the testis and brain but not in kidney.
Similarly, there are only a few reports about expression of GnRH3. In the teleost Porichthys notatus GnRH3 mRNA was found in the testis and ovary (22) . In the cichlid fish H. burtoni, GnRH3 expression was identified in the testis. All three forms of GnRH have been detected in the testis of H. burtoni, which suggests that the different GnRH peptides may play distinct roles in both the brain and the testis. Understanding of the role of multiple GnRH forms within a single organ will ultimately depend on detailed knowledge of their specific sites of action, including the distribution of GnRH receptors and the possible existence of multiple GnRH-receptor types.
CONTROL OF GnRH GENE EXPRESSION
Regulation of the GnRH genes is a topic of intense interest, particularly because it has become possible to compare control of gene expression of several GnRH genes within a single organism. Such analyses should provide information and insight about how GnRH is regulated at its many sites of action. Previously most studies of gene regulation were directed at GnRH1 both because of its importance and because no other genes were known.
Gore and Roberts (19) recently provided an excellent review of hypothalamic GnRH1 gene regulation in mammals. In contrast, little is known about how the other two GnRH gene forms are regulated, and comparative analysis of gene regulation among the three forms of GnRH is in an early stage. Thus the broad and interesting issues such as differences between in vitro and in vivo GnRH regulation or between transcriptional and posttranscriptional regulation mechanisms are not yet known except for the GnRH1 gene. We will focus here on what is known about regulation of the other GnRH genes.
Similar Regulation in Different GnRH Genes?
The discovery that different GnRH peptides are expressed in a variety of tissues suggests that, as a group, they serve multiple functions, probably requiring complex gene regulation. Analysis of the 5Ј-flanking sequence in the three GnRH genes in H. burtoni suggests that this may be the case. Because each decapeptide is encoded by a different gene, each with a unique 5Ј-upstream regulatory sequence, transcriptional regulation of the three GnRH genes is likely to be independent. Even though some short regulatory motifs are conserved among the three H. burtoni genes, the proximate 500 bp of upstream sequence are quite dissimilar. Indeed, the promoter regions of the three genes are not significantly more similar to one another than are their introns (69) .
Promoter sequence comparisons of multiple GnRH genes in closely related species has only recently become possible with the sequencing of GnRH1 and GnRH2 genes in two teleosts, H. burtoni (69) and Morone saxatilis (14) . Preliminary comparison of the upstream regions of the Gnrh2 genes in H. burtoni, an African cichlid, and the striped bass, M. saxatilis, an anadromous North American species, reveals several regions with remarkable conservation, in addition to the region near the most proximate promoter. For example, at a distance more than 2000 bp upstream of the mRNA coding sequence in each GnRH2 gene, there is a 74% nucleotide identity in a 750-nucleotide overlap. Apparently there has been a strong selective pressure to maintain this alternative promoter, thus suggesting that it may play an important role in regulation of Gnrh2 gene expression in these species and perhaps others. Multiple promoter usage has previously been suggested for the GnRH2 gene in humans (68) and M. saxatilis (14) , and this may prove to be widespread within GnRH2 genes.
Comparison of Gnrh1 gene upstream sequences in H. burtoni and M. saxatilis shows no region of sequence conservation comparable to that in the GnRH2 genes, although within the proximate 500 bp of the promoter region, there is a 77% nucleotide identity in a 178-nucleotide overlap. It is tempting to speculate that these gross differences in sequence conservation between the two gene forms may mirror the relative conservation of the peptide forms encoded by the genes.
Direct Regulation of GnRH Genes by Steroids?
cDNAs encoding two or even three of the GnRH forms in a single species have now been characterized in two primates (human, 68; rhesus monkey, 63), one rodent (tree shrew, 32), and six fish species (African cichlid, 69; African catfish, 7; two species of seabream, 20; striped bass, 14; and goldfish, 38). However, genomic sequencing that includes the upstream regulatory structures of multiple GnRH gene forms in a single species has been described for only three species. Two complete GnRH genes have been described for humans (68) . In the striped bass, M. saxatilis, two of the three known GnRH gene forms have been described (14) . Complete genes encoding three distinct GnRH forms have been characterized in only one species, H. burtoni (69) , so this review will focus on the GnRH genes in this species.
Several putative steroid receptor binding sites are evident in the proximate 500 bp of 5Ј-flanking sequence of each GnRH gene in H. burtoni (69) . Specifically, putative glucocorticoid receptor (GR) binding sites (6 in GnRH1 and 10 in GnRH3) hint at a possible direct role for GR and its ligand cortisol in regulating these genes. In contrast, GnRH2 has only 2 putative GR sites in this region. Behavioral, endocrine, and morphological data in H. burtoni are consistent with GnRH gene regulation by cortisol in hypothalamic GnRH neurons (17) . Though still unknown in fish, a subset of GnRH neurons in the rat hypothalamus contain GR (3). Furthermore, Chandran et al. (12) provided strong evidence for the direct role of GR in GnRH gene regulation in GT1-7 cells.
In contrast to putative GR binding sites, estrogen receptor binding sites were not found in the 500 bp upstream of any of the three GnRH genes, suggesting that estradiol may not have a direct effect on GnRH gene regulation in H. burtoni. Consistent with this, forebrain GnRH neurons in the rainbow trout (Oncorhynchus mykiss) do not contain immunoreactive estrogen receptor (ER) (45) . In another salmonid, the Atlantic salmon, ER binding sites were found 1.5 kb upstream of the 5Trp 7 Leu 8 6GnRH gene (GnRH3-see 68) , and human ER protein was shown to bind to this sequence (36) . However, ER itself has not been localized to GnRH neurons in that species, so a direct role for estradiol in the transcriptional regulation of GnRH remains uncertain. Moreover, there is scant evidence for the presence of ER within GnRH neurons in other vertebrates for which GnRH and ER colocalization has been attempted (e.g., negative results in rat, 25, 56; rhesus macaque, 60; mink, 65; sheep, 26). The well-described role of estrogen in the regulation of GnRH is thus likely to be indirect, mediated by other cells.
A single putative androgen receptor binding site is upstream of the GnRH1 gene in H. burtoni, consistent with the idea that androgen acts directly on GnRH1 neurons in this species. Gonadal steroid feedback experiments are also consistent with this hypothesis (59) , although these effects could also be indirect. The possible role of the two progesterone binding sites upstream of GnRH1 and GnRH3 is unclear, although direct transcriptional regulation of the GnRH gene by progesterone receptor (PR) has been proposed in other animals, and Cho et al. (13) have shown that translation effects in vivo appear to be stimulated by PR. However, in the tilipia Oreochromis niloticus, preliminary studies indicate that progesterone does not influence any of the three populations of GnRH neurons (49) . By using semiquantitative in situ hybridization, they found that progesterone treatment had no effect on mRNA levels for any of the three GnRH forms. However, castration significantly elevated GnRH3 mRNA while GnRH1 and GnRH2 mRNA levels remained unchanged, suggesting that in this species, the terminal nerve GnRH neurons are under negative gonadal steroid feedback, while the other two GnRH neuron populations are not. In contrast, in H. burtoni, a closely related cichlid fish, cells expressing GnRH1 are clearly under gonadal steroid regulation: these cells hypertrophy after castration (59) . In other teleosts, hypothalamic GnRH neurons are also affected by gonadal steroids (e.g., 21, 23).
GnRH FUNCTIONS
Among the GnRH peptides, the function of GnRH1 is best understood because the peptide encoded by this gene is essential for reproduction. Consequently, many features of its regulation are now known (see above and 19). Recently, the hpg mouse has been used to tease apart the role of GnRH1 in sexual maturation from its role in reproductive behavior (18) .
Both the GnRH2 and the GnRH3 peptides are identical in all species in which they have been found. Since GnRH2 has been identified in many more species to date, its complete conservation through 500 myr of evolution suggests that it has been subject to extremely stringent selective pressures. Such selection might have arisen if GnRH2 serves different functions at different loci in the body, which is suggested by a growing body of evidence. First, GnRH2 has been shown to be present in the sympathetic ganglia of amphibia (28) , where it has been shown that GnRH can act as a neuromodulator in spinal cord ganglion neurons (30) . In fish, neurons previously shown to control sperm duct and oviduct contractility receive input from cells that show GnRH2 immunoreactivity (42) . Examples of possible GnRH2 expression outside the midbrain cells include transient GnRH2 immunoreactivity within mast cells in the habenula of ring doves following courtship (57, 58) . These data have led to the suggestion that mast cells might be an alternative delivery system for GnRH (57) .
Has GnRH2 remained unchanged because of selective pressure from mul-tiple functions? We have speculated elsewhere (68) The function of GnRH3 also remains unclear. Lesions of the terminal nerve Gnrh3 expressing neurons in a fish (Colisa lalia, dwarf gourami; 73) resulted in a threshold change in courtship initiation. However, virtually no other data are available about possible functions of this peptide. Interestingly, it has been known for some time that a subpopulation of axons from the terminal nerve contain GnRH3 (67) and project to the retina (43) , although no function has yet been ascribed to GnRH3 in the retina.
We have previously noted (67) that each of the sensory, motor, and humoral systems in teleost fish might utilize distinct but related forms of GnRH peptide: the terminal nerve form perhaps coordinates the sensory and motivational systems, the mesencephalic form may modify motor action in the service of reproductive behavior, and the hypothalamic form causes the release of gonadotropins to facilitate reproduction (67) . The report that lesioning the terminal nerve affected reproductive readiness (73) suggests that GnRH3 expression might indeed influence reproductive motivation.
The distribution of GnRH peptide types hints at possible functions. However, the distribution of GnRH receptors, which mediate any effect of GnRH, is essential for understanding what GnRH forms actually do. However, it is not yet known whether different forms of GnRH might have different receptor types. GnRH receptors have been found throughout the body, including the kidney (31) and prostate (16) . Because previous studies have shown that GnRH receptors bind GnRH2 peptide up to 100 times more effectively than GnRH1 (35), GnRH2 could act through these receptors outside the brain. Recently, three putative GnRH receptor subtypes were identified, suggesting that there may be a specific cognate receptor type for each GnRH type (61) . These authors suggest that GnRH receptor types coevolved with the GnRH gene forms, resulting in a cognate receptor for each GnRH type.
SUMMARY AND FUTURE PREDICTIONS
GnRH was once thought to be a single peptide, acting solely as a brain signal to the pituitary. However, new discoveries about GnRH have changed our views of GnRH. Clearly the original gonadotropin-releasing hormone was just the beginning of the GnRH story. As shown above, there are three GnRH gene families based on molecular phylogenetic analysis. Each family shares not only a molecular signature but also a characteristic expression site in the brain. Surprisingly, the two newly discovered gene families encode decapeptides that are identical in all species in which they have been found. This is in contrast to GnRH1, which has substantial variation among species. Although a great deal is known about the hypothalamic GnRH form, exactly where and how the two recently discovered GnRH forms act remain unknown.
As might be suspected, past predictions about GnRH have had mixed success. Most notably, GnRH2 was hypothesized to have been lost in placental mammals (55) and to be the oldest GnRH (39), neither of which now appears to be true. Still, it seems likely that there are some predictions that could be made based on the data presented here. First, it seems probable that a third form of GnRH as described in teleost fish will be found in other vertebrate classes. Since this form is expressed in the telencephalon and the neurons that express it share an ontogenetic origin with the releasing form, it may play a role in reproductive readiness in other species as it appears to do in teleost fish. Second, the two gene duplications that are proposed to have led to vertebrates probably produced the multiple GnRH forms. If so, it seems likely that there will be multiple GnRH receptor types that are also a product of these duplications. Finally, the GnRH genes are closely related to one another but are evidently not a part of a larger gene family, possibly making them unique among peptide encoding genes. Does this apparent isolation have any biological meaning? Perhaps the GnRH genes encode peptides that are unique, making more urgent the discovery of the roles of GnRH2 and GnRH3.
